Twelve histochemical methods; affinity staining with avidin peroxidase, wheat germ agglutinin, and concavalin-A agglutinin; and an immunohistochemical stain with Kpl (CD68) antibody were compared for their relative effectiveness in staining canine mast cell tumors. Stains were compared in 28 mast cell tumors and 19 histiocytomas. The effectiveness of the histochemical methods and the lectins decreased as the mast cells became less differentiated. None of the staining methods were positive on histiocytomas. Periodic acid-Schiff (PAS) gave positive results in a few cases of mast cell tumors where other histochemical stains were negative. Although avidin peroxidase and Kpl antibody stained more mast cell tumors than any other method, they did not differ significantly from Luna's method, toluidine blue pH 0.5, toluidine blue pH 4.5, alcian blue pH 2.5, safranin O, Unna's method, and Giemsa. No stain was ideal for the diagnosis of canine mast cell tumors; however, this study suggests that the use of avidin peroxidase, Kpl antibody, and PAS may give additional information for individual poorly differentiated tumors without substantial increase in time or cost.
Mast cell tumors are among the most common skin neoplasms of dogs. 9, 11, 33, 40 They often recur, and tumorrelated deaths are common. 3, 28 Most mast cell tumors are relatively easy to diagnose in routinely processed tissues because of their morphology and staining characteristics. 3 However, poorly differentiated 10, 23 or poorly fixed 13 mast cell tumors can be confused with other round cell tumors. 10, 23 Misdiagnosis and failure to identify those tumors can result in a poor prognosis 3, 28 and thus a lack of aggressive therapy.
Interactions between products in the mast cell granules and histological dyes were first reported in 1877. 20 The specificity of several staining methods for mast cells 20 provides the pathologist with a useful means for the differential diagnosis of mast cell tumors. 10 Most stains for mast cells rely on the cell's content of heparin, other glycosaminoglycans (GAGs), 38 and esterases. 19 As an alternative to histochemical stains, different antibodies have been used to identify mast cells in humans, rodents, and dogs. 27, 30, 39 Conjugated avidin peroxidase binds to mast cells in humans 34, 36 and has been used in the diagnosis of canine mast cell tumors. 4 The affinity of lectins for carbohydrates has been applied to the characterization of mast cell populations in humans, rodents, and dogs. 2, 5, 14, 17, 32 Although special stains have been used to diagnose canine mast cell tumors, 1, 12, 24, 31 a systematic comparison has not been done. The purposes of this study solution of conjugated avidin peroxidase b for 30 min at room temperature. After rinsing in PBS, the sections were incubated with amino-ethylcarbazole (AEC), b counterstained with Mayer's hematoxylin for 20 sec, and washed in tap water. Mounting medium c was applied, and the sections were dried at 60 C for 15 min.
Lectin histochemistry. Sections were rehydrated and incubated for 10 min in 3% hydrogen peroxide and washed in distilled water followed by Tris-buffered saline (TBS, 0.05 M, pH 7.4). The sections were treated with trypsin (0.1% [w/ v] crude type 11) a in TBS with 0.1% (w/v) calcium chloride at 37 C for 20 min. Sections then were washed in TBS and incubated in a solution of Con-A (Jack bean, Canavalia ensiformis) and WGA (wheat germ, Triticum vulgaris) agglutinins d in TBS at a concentration of 5 µg/ml for 1 hr at room temperature. Incubation was followed by 2 washes, 5 min each, in TBS and incubation for 45 min in the avidin-biotin complex b diluted in a high-salt solution (0.125 M TBS containing 0.374 M NaCl, pH 7.4) to reduce nonspecific avidin binding to the mast cell granules. 15 After rinsing in TBS, sections were incubated with AEC b for 15 min, counterstained with Mayer's hematoxylin for 20 sec, and washed in tap water. Crystal Mount c was applied, and the sections were dried at 60 C for 15 min.
Immunohistochemical staining
Tissues were placed on treated slides b and dried overnight at room temperature. Sections were deparaffinized in xylene, rehydrated in 100%, 95%, and 70% alcohol (twice, 4 min each), and washed in distilled water.
The tissues were immersed for 10 min in 3% hydrogen peroxide, washed in distilled water, and treated with a solution of trypsin (0.1% [w/v] crude type 11) a in PBS with 0.1% (w/v) calcium chloride at 37 C for 20 min. After a wash in PBS (twice, 5 min each), sections were incubated with normal rabbit serum for 20 min, followed by a 1:200 dilution of the Kpl antibody in PBS for 2 hr. e A peroxidase-antiperoxidase kit was used for the detection of the primary antibody, following the recommendations of the manufacturer. f AEC b was applied for 20 min. The tissues were counterstained with Mayer's hematoxylin for 20 sec and washed in tap water. Sections were covered with mounting medium c and dried at 60 C for 15 min. Every step in the procedure was separated by 2 5-min washes in PBS.
Fifteen mast cell tumors and 6 histiocytomas were used as negative controls. For these, the lectins and the Kpl antibody were replaced by PBS and normal mouse serum, respectively.
Evaluation of the stains
In mast cell tumors, each stain was evaluated for specificity and intensity of positive cells in each section. Stains were considered specific if they stained mast cells exclusively. Intensity was evaluated based on the color contrast with other tissue structures. Stains were scored "1" if adequate for the unequivocal identification of neoplastic mast cells or "0" if they had no value for the diagnosis of mast cell tumors. Stains for the histiocytoma cells were scored in the same manner.
Statistical methods
Stains were compared by categorical analysis. With a contingency table, the frequencies of positives and negatives for each stain on mast cell tumors were compared using the Mantel-Haensel test. Significance levels of P < 0.05 and P < 0.1 were chosen for the overall test of row equivalent and pairwise tests, respectively.
Results
Figures 1-15 and 17 are photomicrographs of cells stained with each stain for well-differentiated mast cell tumors. Photomicrographs of well-differentiated tumors have been used because staining was more intense and included more cells than did poorly differentiated tumors. However, photomicrographs of poorly differentiated tumors stained with avidin peroxidase ( Fig. 16 ) and Kp1 antibody ( Fig. 18 ) were also included because these 2 stains were positive more often than were the other stains.
Hematoxylin and eosin. Well-differentiated tumors
were readily identifiable in HE-stained sections, because of their intense granular basophilic cytoplasm ( Fig. 1 ). Tumors of intermediate differentiation had fine to dust-like granules that stained pale blue. Poorly differentiated tumors had occasional, fine, basophilic cytoplasmic granules. The cytoplasm varied from pale basophilic to intensely eosinophilic.
Mast cells were present in all histiocytomas, either mixed with the neoplastic histiocytes or at the borders of the tumor associated with the adnexa and the superficial dermis. These nonneoplastic mast cells were more difficult to identify at lower magnifications because they were more pleomorphic than their neoplastic counterparts. They varied from pale to intensely basophilic, with an occasional distinct granular pattern.
Alcian blue, pH 2.5. Only mast cells stained with alcian blue, pH 2.5 ( Fig. 2 ). Their cytoplasm stained light blue-green, sometimes with a granular pattern in well-differentiated mast cell tumors and paler in less differentiated ones. Erythrocytes and the nuclei of all cells stained pink. The lack of contrast between the color of the mast cells and the background made it difficult to identify mast cells in poorly differentiated tumors.
Azure and eosin. With azure and eosin, the cytoplasm of mast cells from well-differentiated tumors stained dark blue to purplish blue with a granular pattern ( Fig. 3 ). Less differentiated tumors stained lighter or were eosinophilic. The nuclei of all cells were pale blue. In other cells, including histiocytes, the cytoplasm was pale red to pink. Erythrocytes and granules of eosinophils stained intensely red. The connective tissue and background were pink to light pink. In welldifferentiated mast cell tumors, the contrast between the color and intensity of their cytoplasmic granules rendered those tumors easy to recognize with azure and eosin. In poorly differentiated tumors, the mast cells stained with the same color as the background.
Chloroacetate esterase. The chloroacetate esterase reaction resulted in a dark red staining of the cytoplasm of neutrophils, normal mast cells, and mast cells in well-differentiated tumors (Fig. 4) . In poorly differentiated mast cell tumors, the staining reaction was less intense or absent. In 2 well-differentiated tumors, the reaction was negative, even in neutrophils. Repetition in other sections of the same tissues yielded similar results. All other cells and their structures stained with different shades of blue. In tumors with large cytoplasmic granules, some mast cells stained reddish blue as a result of the combination of the chloroacetate esterase reaction with Gill's hematoxylin, the counterstain. In a few poorly differentiated tumors with small mast cells that were positive for the reaction, distinguishing these cells from neutrophils was difficult. The chloroacetate esterase reaction was not uniform throughout each section.
Giemsa. Giemsa stained mast cell granules blue to purplish blue ( Fig. 5 ). In a few well-differentiated tumors, the cells stained dark purple or metachromatitally. In less differentiated mast cells, the cytoplasm was pale blue as in other cells and histiocytes. The nuclei of all cells stained blue. Erythrocytes and fine collagen fibers stained red. The background stained light blue or did not stain. In poorly differentiated tumors, the mast cells stained the same as the background.
Luna's method. With Luna's method, the cytoplasmic granules of well-differentiated mast cells stained purple, with a distinctive granular pattern ( Fig. 6 ). In less differentiated tumors, the cytoplasm was pale purple or pale blue, as was the cytoplasm of other cells, including histiocytes. The nuclei also stained blue. The colors of the elastic fibers were in shades of purple, very intense in some cases. The background stained pale yellow. In poorly differentiated tumors, the cytoplasm of the mast cells stained the same as other cells.
Periodic acid-Schiff The PAS reaction stained normal and well-differentiated mast cells alike (Fig. 7) ; the cytoplasm was pink to light red. Poorly differentiated mast cells were light pink or did not stain. Histiocytes and other cells were not stained with PAS. However, a few anaplastic tumors had mast cells that were PAS positive. These cells were interpreted as neoplastic cells. The nuclei of all cells stained pale green or dark blue with "light green" or Harris's hematoxylin counterstains, respectively. All connective tissue stained pink to red, resulting in an intense background. Because the cytoplasm of mast cells stained the same as the back-ground, it was difficult to identify mast cells. Counterstaining the sections with light green or Harris's hematoxylin did not change the background contrast.
Safranin O. Safranin O stained the granules brick red in normal and well-differentiated mast cells (Fig.  8 ). The cytoplasm of poorly differentiated mast cells tended to stain pale orange to light pink with light green, the counterstain. The cytoplasm of other cells, including histiocytes, stained pale pink or light green. The nucleus of all cells stained pale pink. The erythrocytes and connective tissue stained with light green. In some poorly differentiated tumors, the cytoplasm of mast cells stained light green, as did the background, making those cells difficult to distinguish. The distribution of positively stained mast cells varied within sections.
Toluidine blue. Staining with toluidine blue, pH 4.5 and pH 0.5, for 30 minutes or for 5 days yielded similar results (Figs. 9-11). Granules in normal mast cells and in well-differentiated tumors were blue, darker blue in the sections stained for 5 days. In a few sections in which the mast cells contained fine granules, cells stained metachromatically at pH 4.5 and pH 0.5. The cytoplasm of other cells, including histiocytes, stained light blue. The nuclei were dark blue in all cells. The erythrocytes were bluish green. The background stained light blue, slightly darker in dense connective tissue, especially in tissues stained for 5 days. In poorly differentiated tumors, the cytoplasm of mast cells stained the same color as other cells and the background.
Torren's method. Torren's method stained the granules of normal mast cells and those of well-differentiated tumors dark blue (Fig. 12 ). The cytoplasm of poorly differentiated mast cells and other cells, including histiocytes, was light blue. The nuclei were dark blue in all cells. Collagen fibers stained light green to light blue, and elastic fibers and muscle were red. Erythrocytes were light orange. This method resulted in a very intense background staining. In poorly differentiated tumors, mast cells were difficult to distinguish from other cells because they stained the same color or because of the intense background staining.
Unna's method. With Unna's method, the cytoplasmic granules in normal and well-differentiated mast cells stained dark blue or dark purple (Fig. 13 ). Poorly differentiated tumors were pale blue. The nuclei of all cells were light blue. All other tissue structures stained light greenish blue. In poorly differentiated tumors, mast cells stained the same color as other cells and as the background. Histiocytes did not stain.
Con-A, WGA. Con-A and WGA gave identical results. They stained the cytoplasm of normal and welldifferentiated neoplastic mast cells red-orange (Fig. 14) . In poorly differentiated tumors, Con-A and WGA stained mast cells pale orange or did not stain. His-tiocytes were negative for these lectins. In some sections, erythrocytes and areas of the epidermis were pale orange. All nuclei stained blue. The background was light orange. No positive cells were identified in the negative controls. In most poorly differentiated tumors, the contrast between the background and the cytoplasm of mast cells was not enough to identify these cells.
Avidin peroxidase. The avidin peroxidase method stained mast cells red-orange, with a higher intensity in mast cells from well-differentiated tumors (Fig. 15 ) than in those from poorly differentiated tumors (Fig.  16 ). Erythrocytes and a few epidermal cells stained light orange. The nuclei of all cells stained blue. The background was light orange. Histiocytes did not stain. With this method, a difference between the intensity of the stain in the mast cells and in the background allowed identification of the mast cells. In most sections, the intensity of color varied among fields.
Kp1 antibody. The Kp1 antibody immunoperoxidase method stained the cytoplasm red-orange in normal and well-differentiated tumor cells ( Fig. 17 ). In poorly differentiated tumors, fewer Kp1-positive mast cells occurred, and the color was less intense (Fig. 18) . In some sections, the erythrocytes stained pale orange. The nuclei of all cells stained blue, and the background was light orange. In some negative controls, a few mast cells were also distinctively positive. Mayer's hematoxylin used as a counterstain stained the cytoplasm of well-differentiated mast cells blue.
Statistical comparisons. The statistical differences
in the frequency of canine mast cell tumors that stained positive with each stain are summarized in Table 1 . There were no significant differences among avidin peroxidase, Kp1, Luna's, toluidine blue (pH 4.5 and pH 0.5, 30 minutes), alcian blue, safranin O, Unna's and Giemsa; among Luna's, toluidine blue (pH 4.5 and pH 0.5, 30 minutes), alcian blue, safranin O, Unna's, Giemsa, chloroacetate esterase, toluidine blue (pH 0.5, 5 days), and azure and eosin; and among alcian blue, safranin O, Unna's, Giemsa, chloroacetate esterase, toluidine blue (pH 0.5, 5 days), and azure and eosin. The frequency of tumors stained with Torren's, PAS, HE, and Mayer's hematoxylin was not statistically different. HE and Mayer's hematoxylin did not differ significantly from WGA or Con-A.
Because no stain had affinity for histiocytomas, those data were not analyzed.
Discussion
Staining properties of mast cell tumors varied greatly and tended to be associated with the number and size of cytoplasmic granules and the degree of cell differentiation. Poorly differentiated tumors have a lower concentration of heparin 26 and possibly other GAGS that are the main products to interact with histochemical stains, other than chloroacetate esterase. 19, 38 Inadequate staining probably reflects the lack of production or storage of those cellular compounds that react with the stains.
Tissue handling is an important factor that influences mast cell staining. The preservation of GAGS and the blocking of the dye-binding groups are largely dependent on the fixatives used. 8 Several fixatives, such as 10% buffered formalin, cetypryridium chloride-formalin, and lead acetate, have been recommended to preserve the tinctorial properties of canine mast cells. 1, 12 Because 1 of the purposes of this study was to evaluate staining methods in routinely handled diagnostic specimens, there was no control of the way the tissues were handled. Therefore, some samples may have been subjected to less than optimal processing. However, the comparison between the results obtained in tissues containing neoplastic mast cells and those containing nonneoplastic mast cells suggests that the degree of cell differentiation, rather than tissue processing, is more important for the interaction between the stain and the cell products. A possible exception was the chloroacetate esterase reaction. This reaction was negative in a few cases of well-differentiated tumors and nonneoplastic mast cells, possibly because of a greater sensitivity of the chloroacetate esterase reaction to tissue handling. 19 All staining methods were adequate for the diagnosis of well-differentiated mast cell tumors. Also, all stains differentiated histiocytomas from mast cell tumors, given that the degree of anaplasia in these did not result in the negative staining of the cells. However, negative staining of round cell tumors does not exclude the diagnosis of mast cell tumor.
Metachromasia with toluidine blue varies among batches of the dye and decreases with higher concentrations and longer duration of staining. 29 Mast cells stained metachromatically with toluidine blue (pH 4.5 and pH 0.5), with a greater tendency in cells containing smaller granules.22 Canine sections stained with toluidine blue at pH 0.5 for either 30 minutes or 5 days were orthochromatic.
In other species, a prolonged staining period with toluidine blue increased the number of stained mast cells, possibly by compensating for the effect of fixation 7, 25 In this study, staining with toluidine blue at pH 0.5 for 5 days did not increase the number of recognizable mast cells, suggesting a negligible effect of fixation on this staining.
Toluidine blue at different pHs indicates malignancy in mast cell proliferations in humans. Malignant lesions were poorly stained at pH < 3.5, whereas benign lesions stained at a lower pH. 18 That pattern was not In human skin, conjugated avidin was subjectively superior to toluidine blue in the identification of mast cells. 16 In another report, 2 which included 12 canine mast cell tumors, both avidin peroxidase and Giemsa stained tumors. Therefore, the authors concluded that avidin peroxidase was no better than Giemsa.
Although there was no statistical difference in staining results between Kp1 and 8 other stains (Table 1) , Kp1 stained more mast cells in all sections, regardless of their differentiation. The staining tended to be more intense in poorly differentiated tumors than was staining with any other method (Fig. 18 ). However, a few cells in the negative controls also stained, limiting the reliability of Kp1 as a marker for canine mast cells.
Since the first histochemical stains to identify mast cells were described by Ehrlich, 6 the list of methods has increased, with some representing only a variation of a previous stain. The development and commercial availability of antibodies that recognize mast cell products of humans and rodents have expanded this area of research and allowed the identification and typification of these cells. 27, 35 As they become available for other species, the application of these antibody methods to the diagnosis of canine mast cell tumors may replace histochemical methods.
observed in this study, because no apparent difference occurred in the number of mast cells stained at different pHs.
Chloroacetate esterase reaction has been reported to be preferable to alcian blue for the identification of mast cells. 1 That finding was not confirmed in this study.
The results obtained with PAS were not always consistent with the degree of differentiation of mast cells, as previously reported. 12, 24 Some well-differentiated tumors were borderline positive with PAS. However, 2 poorly differentiated tumors that were negative with all other histochemical methods stained with PAS. The intense staining of the connective tissue made this method difficult to evaluate. WGA and Con-A stained the GAGS in well-differentiated mast cells. These lectins were adequate for easy identification of well-differentiated and nonneoplastic mast cells 5 but were not more effective than histochemical methods.
Although avidin peroxidase and Kp1 antibody were positive in more sections than was any other staining method, they did not differ significantly from Luna's method, toluidine blue (pH 0.5 and pH 4.9, alcian blue, safranin O, Unna's method, and Giemsa ( Table  1 ). The binding of avidin may represent a nonspecific reaction because of its high isoelectric point to the sulfate groups of heparin in the mast cell granules 4 or to biotin-linked enzymes of the mast cells. 29 The fact that poorly differentiated mast cells stained with avidin peroxidase (Fig. 16 ) may indicate that those products are stored in low amounts that can still be detected by affinity histochemistry.
In conclusion, the staining methods used in this study were adequate to identify well-differentiated canine mast cell tumors and to distinguish them from histiocytomas. Furthermore, the results obtained agreed with those of previous reports that indicate a relationship between mast cell differentiation and interaction with histochemical dyes. Conjugated avidin peroxidase and Kp1 antibody stained more mast cell tumors than did any other method, suggesting that they may be a helpful addition to the differential diagnosis of canine mast cell tumors.
